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CHAPTER 2

Incorporating Portable
Technology to Enhance an
Inquiry, Project-Based Middle
School Science Classroom

Ann M. Novak and Christine |. Gleason

INTRODUCTION

How do vou help students develop science concepts through the process of
inquiry? How can students cngapge in authentic investigations that make
science meaningful and interesting? What role can the teacher play to help
foster a student’s understanding of science concepts and science process?
How can incorporating new technology tools enhance student kearning?
As teachers we strive to help our students develop an in-depth and
integrated understanding of science concepts and process skills. We also use
technology tools, where appropriate, to help promote these goals. In this
chapter we deseribe how we have incorporated portable technology 10
cnhance a seventh grade project on water quality. We begin by providing

Ann M. Novak and Christine 1. Gleason, Greenhills School, Ann Arbor, Michigan
Portable Fechnologies: Science Learning i Comexr, ediled by Tinker and Krajeik. Kluwer
Academic/Plenum Publishets, New York, 2001.
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some backgronnd about us. We then give un overview of our program. This
ts followed by a deseription ol the water project. an overview of the
curriculum we have developed for thiy project. and the implications of
portable technalogy for curriculum development in general. We finish with
discussion of the benefits of portuble technology for student learning and for
teachers and some challenges presented by the use of portable technology.

WHO ARE WE?

We reach seventh and cighth grade science at Greenhills School. an
independent school in Ann Arbor, Michizan. Ours is a sixth to twelfth grade
schioal with a student enrollment of about seventyv-five students per grade.
Greenhills Schoal is not a school for gifted students, but it does have an
admissions process that generally includes aceepting students from  the
upper two-thirds of standardized test norms. We have between sixteen and
twenty-two students per class. We cach teach two classes of seventh grade
and two classes of eighth prade science. Chris has taught for twentyv-seven
vears, has a bachelor of science dexree with o major in biology, a minor in
chemistry, @ master's in special education, and o 7-12 reaching ecrtificate.
Ann has taught for cight vears. has a bachelor of science degree with a major
in broad field science, @ minor in biclogy and health, a master’™s 1
adolescent development, and a 7-12 teaching certificate. Six vears ago we
bepan 1o develop a project-based approach to leaching and attended
project-based tnstitutes at the University of Michigaun. We continued 1o
attend work  sessions during the next several vears. As teachers we
collaborate closcly to develop curriculum and to enhance our curriculum
by incorporating technology tools where appropriate. We were chosen as a
test site for Scicnee Learning in Context by the Concord Consortinm and
the University of Michigan. in part because of our project-based approach
and because of our desire to incorporuate technology into our curriculum,
Prior 1o beginning the implementation, we learned 1o use the portable
technology and probeware and attended an intensive three-week summer
workshop at the Concord Consortium in Massachusctis,

OUR SEVENTH GRADE SCIENCE PROGRAM

The goal of our scicnce program focuses on facilifating students 1o develop
in-depth and integrated understandings of fundamental science concepts
and science process skills within the context of inquirv. Using o project-
based approach, several units are eaplored cach vear that incorporate
science across several disciplines. We structure our clissrooms so that
students ask important and meaningtul questions and use technology tools
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Figure 2.2, Emily and Ellen collect fall pIl samples.
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investigation. This methodology reflects the project-based model proposed
by Krajcik and collcagues (Krajcik et al. 1998, 1999).

OUR WATER PROJECT: OVERVIEW

During cach of three scasons (fall, winter, and spring) seventh grade
students investigate a nearby stream by asking the question, “How clean is
the water behind our school?”. Student groups design and carry out a plan
to investigate their adopted portion of the stream. Using portable
technology as scientific instruments, students collect and analyze various
quantitative waler-quality data along with qualitative data to make
conclusions about the health of the strecam. We use benchmark lessons to
introduce students to key ideas, including scicnce concepts, technology
tools, the process of mquiry, and collaboration. Students also create
produets, or artifacts, that represent their learning.

The goal of investigating “How clean is the water behind our school?™
is to allow students to develop an understanding of concepts in chemistry,
carth science, and ccology through the process of inquiry. Some of the
concepts include: watcershed, water cyele, water quality, water-quality
testing, point and non-point source pollution, pH, solutions/non-solutions,
cuirophication, density, and topography. We also help students develop
scientific process skills. They collect qualitative and quantitative data, create
graphs to aid them in their analysis, and look for patterns in their data to

Fipure 2.3, Ariclle and Katje collect spring dissolved oxygen data.



help ox_u_‘.,:: their findings, To accomplish these
technologies that wilt support and enhanee

H”M_H..ﬂWMQM.__,Hm_dw_ﬁ_:“”“__”w:_mﬂ_‘:cowco_.m:.. the Iearning technology tools us Just
Scionce procen oruls _Mﬂ%m_wr .m:_aoi _Q.:,::_m ol science concepts and
Ceehoess m:_aﬁﬂz w_._u Fnﬁ__:_o._o.mw lor Eogw_omw.m sake.! Learning
oo o%o_‘f,_.;mo o e s A.u.,E._ crtake aspects of inquiry that they could
e ,_...::. o m:pﬂ_mw .,F_:c.....,o these goals we develop curriculum that
entails apmoo ql _,v. project-based approach to teaching and also

priale use of technology tools.

CURRICULUM DEVELOPMENT

In this secti i

o ~ AIEY Wl Ll 1
do S :uo: we discuss some of the curriculum materials that we
o L T our water unit wusing a project-bascd approach in whict
portable learning techinology s integral to what stndents do -

Contextuatization

A stream meanders
from our U::Q.qﬂsr %_a.r? through the school property about fifty meters
mg. This small stre; 5 i . - 4
into the Huron River. a maj ream runs Mo a larger stream that flows
and many - - dmajor source of drinking warer for OUr community
e H 'O T ] H .
- 0m ) 85:,_::_:9 in the surrounding arca. Qur school watershed )
it ¢ :Esw_ o-.o.:_. students” neighborhood, with some of our ﬁ:n_o:__
ey _M__ con o”::::_:m that directly adjoin the stream For these reason :
“clean s the water behind our s 7 . 0TS,
. r school? 1S a driv 5 ;
in the context of students’ Jives * Griving question important
f'o further contextualize (his question, we

o . take studenis for a s

walk o cor : ents for a stream
walk e ¥ in the year so thag they become familiar with the stream and ,
arca near it that could impact it

dhot et could im its quality. Students record observations
shou q_._m: ng ey see, hcar, or smell during the stream walk They see
mar .o_: : _ _f:__w:ou,. Chey hear and see birds and ather wildlife jdow.\:m Ir
B . 1¢; 3 LR e LTS . -
. .:.E .”,: 3 _.EC.:C. They see nearby condominiums, streets our
. — g - g L3 LR y ; )
_:on...:,,. E_.:” ?:r_:_m _.E. They sce a pond pear the stream on oyr school’s
erty, 1 severiad pipes that lead both " ,
‘ $ oth into and out of
several storm drains | i n Do
s s in the parking lot as
, sk a as well s J
e | dr | C ! : a4s onc beb
o o::::.::v near the beginning of the stream. Upon seeing the n
ents often ask the i in r el
uden noask their purpose, cspecially in reeard to :Ho_ﬂ uoﬁnﬂw ]
pact on the stream. Students share their obser “ §

also see
und the

vations later in class,

" When :ch i
_ lechnology is used s g wol to promoie leg
tee Eo_o.h:. (Krajoik, Blumenteld, Marx & Solowny 1999)
tools, portable technology, and new e .

woeoreler to this us a harnine
) : Orher pitrases such as technofon
chnolegies are also ysed.

goals we include
ole | “understanding  scientifi
B at uppo: 1 : scientitic
epts and developing abilities of inquiry™ (NRC 1996). Iy wmm our belief

) . clic

categorizing their observations into one of three groups: biological world,
geological world, or social world. This connects nicelv into our driving
question and prompts students 1o begin thinking about various factors that
may lead to clean or polluted water.

The stream walk not only familiarizes students with the stream but it
feads to two sub-questions: “Witere does the stream water come from?” and
“What arc the pipes lor?”. This leads us to seck out an “expert” who will
provide insight to these questions. Our guest speaker,” onc of our school
administrators who started out as a teacher thirty years ago when the school
was built, provides our students with a historical overview. Our small school
was built on top of a hill that was once tarmland with a dirt road leading to
it. “When we looked out the school window the only thing we saw was a
barn, a large oak tree, and farmland. ... The stream did not exist.” our
speaker says. He provides students with o progression of the neighborhood
build-up, including school expansions, the condominiums, roads, cte. He
also discusses the ereation of & pipe system built under and around the
school 1o capture water and channel it to a holding pond so it can slowly
filter into the human-made ditch {our stream) to eventually run into the
Huron River. He provides students with blueprints so they can visualize the
process. The condominiums, he explains, have similar pipes that carry
surface water to drainage pipes that flow into the stream. These, as well as
pipes from the parking lot and the nearby roads, are the source of the stream
water. Our human-made ditch Nows with water twelve months a vear and is
now charted as a stream by the state of Michigan.

Students now have a meaningful context for science learning. The
driving question with sub-questions, the stream walk, and the expert guest
speaker create a rich context for students to develop science concepts and
scicnce process around the project of water quality. Before students scatter
along various sections of the stream to investigate its water quality, they
need to develop good understandings of the science concepts. the process of
inquiry, and the use of the technology. Developing these understandings
allows students to investigale the stream and analyze their findings to make
informed decisions about its quality. These understandings, for the most
part, can be gained within the smaller setiing of a classroom. Through
benchmark lessons students gain an understanding central for exploring the
question.

Benchmark lessons

Several benchmark lessons lay the tfoundation for student work.
“Benehmark lessons are teacher-directed classroom activities that present

stndents.

? Special thanks ta Bill Reish Tor si 2 his capertise and time wi



concepts, principles, or skills that students need in order to understand the
work of the project”™ {Krajcik et al. 1999). These experiences help students
construct the science concepts, give them cxperience with scientfie inquiry,
and at the same time provide them with experienee and practice using the
portable technology.

We begin with henchmark léssons that investigate “Just how much
witter is on carth and how much of that is usable?” and ““Where does water
come from?". To mvestigate these sub-questions, students learn about the
water cycle and create o model of a watershed., Topography activities
complement these initial activitics. Students look at actual topographiecal
maps that include the neighborhood of the school as well as the stream.

We have a simple but powerful story® that serves as the springboard
for a series of mini-experiments as students investigate other sub-questions,
such as “How is water polluted?” and “How do we judge water quality?™.
These mini-experiments introduce the water concepts with activitics that
simultancously introduce the portable technology tools. Students use probes
attached to handheld computers 1o meusure temperature, pH, dissolved
oxyeen, and other data. The computers act as portable laboratorics that
allow students to collect and analyze data on site. As part of these activitics
students learn the procedural steps necessary to successfully use the portabie
tcchnologics. These activities begin with teacher-designed investigations and
transition to student-designed investigations.

In the story, Sally, a small, plastic fish, must swim upstream to lay her
epgs, In this story Sally’s stream winds through farms, 2 town, a park, and a
smitl lake surrounded by homes. As the teacher reads the story to the
students. he or she also reads of substances that have entered the water (it’s
ratning) as Sally passes cach point. Salt from the roads, leaking motor oil,
acid from acid rain, fertilized soil, waste from a treatment plant, and litter
arc some of the substances that the teacher adds to a fish tank. With the
addition of cach new substance, students respond with written reflections.
Once Sally reaches hier destination students are asked to “finish the story.™
Although no mention is made of specific terminology, students are
mtroduced to most of the concepts through this story. We save Sally's
water for Jater use when students design and build water purification
svsteris to sce who can best clean Sally’s water,

Based on Sally’s story and their own experiences, students generate o
list of possible substances that could enter into water (fertilizers, soap from
car washes, sail, acid rain, o, ctc.). Using this information students create
ten to tifteen containers of “polluted water™ solutions. This feads students to
read and learn abowt the various substances (developing background
knowtedge) and then to ask, “How can we test the substances and know

* Sl Upsteeam Jaurney: A Story of Man's Fifect on Water Qual
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what they will do to the water and the life 1n E&.Eoz:a YT We say, c_,_a
have moEwo tools that will give us valuablc information about the .f,_u__uﬂm:nnm.
The “need to know™ brings students to the Sn::.c_omv.. ?o::,o_:Omu\
provides them with instrumentation” to collect data m.:a further v:m.:.ﬁ t o__d.
to “need to know more” about what the :;.o::u:o: means. :_:E.E_‘..sc
provide students with activitics that introduce a H.E:_n:::. probe. m; :.u_..anmﬁ
the probe, they learn concepts associated with the :%eﬂE.m:o:. mmmn:. n_om_..\_ﬁw
begins with a sub-question and includes students :Er._:.m. ﬁ,Fa._n:,o:u. ﬂ
provide « foundation for data analysis we usc cluss .mn:m_:aw,.. W .:o n\ mﬁoﬂw
discussions. and readings. Students usc Water Quality Studies for ::.Wﬁ.:
Folles: A Water Activities Manual for Suh ::S.ﬁr 8th n...:.sf_ {C qo_zuf.o,m_, c._ um
1992) as a primary resource for background :;o:j.m:o: mgﬁ :F, Fu.ﬁ ,Sa
what it means for water quality. They also w_cm_z.ﬁo Wriie grwm_om:
information to coincide with each of the mn:i:ﬂ as :.E_N:om to m:nam:‘rm:
quality. This information will Tater be included in their stream uE‘ ._.F M
Field Manual for Global Low-Cost Walcer QE_....:._.\. Monitoring (Stapp :
Mitchell 19935) provides students with water-quality standards. Students
follow or design a procedure, collect and analyze data, and an..d_mu,n
explanations that they sharc with each other. For example, o_.: w,:_a..ﬁ_:m,?p,m
all of the substances for pH and ask, “What are the pH values of the various
substances that could get into the water™. They need Lo _rw.ﬁ: what the
numbers mean and what that, in turn, means for water quality. They ?os,
look back to their stream walk and begin to think svo:ﬁ ,,..:.,z oﬁmm:_mﬁm
thev observed and the possible impact substances with various pH _a(.m_v
oo:\E have on these organisms. They also look at land-usc issucs and EM_H
possible link to pH cffects on the stream. _uo.q example, ..,w:_aE:w _wanom_w_\mr
that people living in the condos may use _.cz__._..\.r.q {one of the mo_ﬁ_ﬁp_mq..m_ .‘ SM
tested in their pH cxperiment) which may raise or _o,.,__n_,fﬁrn pH level anc
have harmful cffects if it enters the water through run-ott.

Students also use a conductivity probe 10 1est for the .LEO_.::,ow
dissolved substances. Among other things this leads to concept am,d_on:.do:p.
about the vital role nitrogen and phosphorous have for E_ _:_Em‘o_,mn.::miv
and the negative cffect of too much oﬁu these nutrients Q.r.m:._..._zm. _.:
cutrophication and dissolved oxvgen depletion). Studeits EW,_ mw_%*u;,.,,w__.w_,
{(which is at a poor level) and ten to fiftcen other water solutions. They ,_. vou
test a liter of water with three different amounts of salt :._.,: they have
chosen to quantify just how little salt allows the water o remmain oxnn__ﬁ: or
cood or drop to fair or poor according to standards. Students then vwm.:. to
?Sr about the streain and what dissolved substances may affect s

* W used the eMate by Apple Inc. Althoush the eMate is no lonpee available, other :.,_._Wﬁ:_:_cE
¥ : i } LS k-3 . P 1 T [ . .
devices (the Palm™ and softwars by Ime Warks and the Fxplorer by Pasco Sctentifie) that

can be used with probes are currently on the market.




quality. They also begin to reflect on the scason and its implications for
various dissolved substances (e.z., salt in the winter or fertilizer in the
spring).

In order that students gain cxperience and confidence with the
technology, we initially introduced them 1o the probes by giving them step-
Dy-step instructions, whiclh they then applied to science activities. We
subsequently realized that putting the focus on technology rather than on
science and inguiry was a backwards approach to learning and to our
technology goal of supporting and enhancing student scientists. So. the
second vear, we locused on the water concepis using activities that could he
better understood with the use of these new portable technologies. In other
words, we now introduce the water concepts with activities that
simultaincously introduce the portable technology 10ols. As part of these
activities students learn the procedural SICps necessary 1o successtully use
the portable technologies.

Although teacher-designed. these activities model good  scientific
inquiry. We use our role as teacher to arctully structure cach expericnce
so. through thoughtfully planned interactions with our studens, they
become co-designers of these activities. Through our questioning and
discussion techniques. students learn to ask relevant questions. research
information, and design and cdrry out cxperiments, including making
predictions, writing simple procedures, creating data tables, and formulating
analysis strategics. Once students have severul CXperiences, we transition
from teacher-designed activities 1o student-designed investigations. Students
then take the lead in creating their own activities, We add support and give
direction as needed. For example, we ask students to design and Ciarry out
simiple experiments in the classroom that wil] provide them with insight
about dissolved oxyeen in water using the dissolved oxveen (DO) probe.
This process includes obtaining backeround information to help both in the
planning of the activity as well as the analysis of the results. Students ask
questions, write simple procedures, and create data tables 1o investigate
questions such as: Does fast or slow running water have more DO? How
daes this compare to still water? Does warm or cold water hold more DOY
Can 1 increase the amount of DOt I stir the water?

Different groups desian and carry out different investivitions. Prior to
conducting these activities students share their questions, procedures. and
data tables with cach other, They provide cuch other with feedback 1o help
groups clarify their questions and mprove their procedures and daa tahles.
They also share their predictions and discuss how they will analvze the data,
Often the student dialogue Ieads them to come up with more and better
questions, Students also become excited and impressed hearing about other
student experiments. After students conduct their experiments they share the
results and discuss their meaning. Thinking back to their streanmt walk, where
they look at stream Tow, students can now begin to think about what parts
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of the stream may have higher or lower levels of dissolved oxygen and why

this might occur. .

Table 2.1 summarizes some of the activities and includes both the
concept goals and the technological goals. .

Through the benchmark lessons students develop science concepts and
learn seience process in a collaborative framework. The Eo_Eo_.omu. SCrves as
an essential component of the wark. All of the cxamples _:.,_,:G_n 2.1
iltustrate how to embed portable technology in the c:ﬂ:o.m::.: in n:_o.q 10
help students learn science concepts and carry out mo_o:.:.:n _:,_cm:mm:.o.zm
through inquiry. Students now have the tools, both cognitive and techinical,

o Investigate our stream.

Investigating the stream

As discussed earlier, our goal centers on students making conclusions
about the health of the stream through extended inquiry _u, collccting and
analyzing stream data. Following two months of preparation our students
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Table 2.1. Iow ¢lean is the water behind our school? Benchmark lessons

Sub-question explared us Concept goals Fechnolopy goals

benebmuark lesson

one

cr distribution, water use,
canservation, water pollution

1. How much water is on
carth and how much ol
that is usahle?

2. Where dogs the water Water eyele, renewable vs, Nane
come Irom? non-renewible resource
3u. What substances can Woater quality, water ¢ A _:.:.m.a:c:c: lo portable
pollute the water? standards, water quality-effect minicompulers
on fiving organisms, o i probe
b, What effect do these water pollution o conductisity probe
m:v.nmp_:,ncw fravc on water e H. acids, bases, ® [cmperature probe
. neutralization
Je. How much is toe much?! e solutions: solute, solvent

e thermal poellution
e (urhidity: density,
suspeaded purticles, erasion

n Inssolved oxyyen Dissolved oxyeen probe

4. s there enoush oxy
to support lile mn the stream?

i . arers e Y .
3. llow do substances oot Water evele, watershed, None
into the water in the first toposraphy. point and
place? non-point souree pollution
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are ready to conduct a comprehensive study of the stream. To help students
take ownership of their work we have cach group of two or threc students
adopt a portion ol the stream. These portions are roughly ten meters in
length.

Each student draws a rough scale model ol his or her stream scction.
Partners choose three spectfic locations from which they will collect data.
These locations arc chosen using crieriin such as stream flow, depth, width,
plant lifc, ete. To illustrate the thoughtfulness with which students plan ther
data-collection progedures, we presenl two examples from student water-
quality booklets (1o be discussed in the next section). These students are not
partners; they are also in two different classes.

Fwihv's procedure:

Lach point we chose was very different from the others and that’s why we chose
them. Point A ds pretty shallow it s in o mixture of sun iad shade. 10 s right
under o wateriall, which is why it should be interesting to study, the DO fevel
shouid be by and the runmng varer nugy afleet the ather wests o, Point B is in
a sort of deep pocket, in the middle of the sull purt of the stream, the area around
15 sunny. Point Cis another deep pocker. w vhirlpaol. The water is
moving quickly, howeyver it is nat sph

Point C s mostly shady, but there is some san. Each spolis unque and
unigue results,

Laura’s procedure:

We picked three differgnt spots 10 test in ouy part of the st
chase each particutar one. Point A is before the waie L point s talter
waterlidl, and point Cis o while 2f1er the wa W picked point A because we
wonited 1o see i i had fess dissobved axygen that point B, wligh is

m. Here is why we

waterfall, We also wanted 1o compare the otfier tests o point B Ws prony
shallow. and the water 18 moving quickly bec it 1s about 1o How into the
witerlall, We picked point B bocause otherwise, we couldn™t compare point B o
pomt A to see il 2 WateT e
water @8 very decp. and (s mov

does trap mare ox;

1. Areund poigt B, 1he
[ ckiy beoapse 1 hgs
waterfull Wo pieked point C o gee how much the tests wi
the waler

stconte out o) the

Ihe water 1s very shallew around point C. the bottom is sandy. il
the water s very sl

Students spend three more days out at the stream collecting data.
Students collaborate o gather both qualitative and quantitative data on

their section. Using portable scientific laboratorics {probes attached 1o
handheld computers) our four seventh grade classes collect and analyze
quantitative data by creating their own tables and graphs of temperature,
dissolved oxygen, dissolved substances (conductivity), and pH. Students
collect other qualitative and ouanutative data including turbidity, stream
flow, width, and depth. Table 2.2 is one cxample of a student data table of
the water-quality tests,

When vou inchude information such as the watershed, land use around
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 ter analvre ake some decisions about the hea
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- racljos 3 students coilec
ot ant aspect of the investigation 15 that §
Another important aspee o A o
) cter and € s they scattel
e o vear: fall, winter, and sprning. i
data three times during the ye - e T their
along a stream and collect thetr stream data, students wc:aa on e
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classroom capericnces that provides them with no_:c_an:_nr an Eﬂu_
o ’ ) - : Cee ; and how to problem-
e a exists with the technology an obie
recosnizing when @ problem e - vestioalion
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/ :also K : h science and process so t
solve. They also know enough ‘ " e it cach
s meaningful and important 1o them. They discuss informaton vith cd
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 eelentists : share their findings.
other, as scientists do, and sh . g o . ased
Srudents analyze data by interpreting the results for maom mo\m__w%ﬂ U,.n..o%
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Figure 2.4, Casey and Kelly colleet winter warer gualin

mples,

E:o:m._,:o_oa for cach scason. Students share and discuss data from scetion
E section, looking for congistencies und explanations lor :E::ﬁ_ﬁ.n:nwon
Students also compare the data across the vear as well, We mﬂo m_.mu._::a _
databuse so that students can campate their data with data {r .5 ca s
and look for trends, o et

ASSESSING STUDENT UNDERSTANDING

W ::r,> a4 ovarety of assessinent strategivs to whn insights into our
.,,”:ac_:v_ understanding of concepts and the process of inquiry. We discuss
three of the assessment tools (water-quality booklets, coneept maps. and
pre- and post-tests) below. h

Water-Quality Booklets

. m:\n@ student creates @ water-quality booklet of his or her stream
scetton. These represent their understanding of water-quality conceprs and

ience process through the stream investiyati -

N E : am investisation. In addition to classr
1 fad . t o] 58
discuss classroom

o
(23

ﬂmz.&w:c.:ﬁmo suideline sheets alter students have generated and discussed
ideas, This process helps us scatfold student fearning of scientific inquiry

Appendix A includes examples of guideline sheets for the stream drawing, a
procedure for choosing test locations, prediction guidelines. the Warer
Quality Booklet auideline sheet, and various other sheets for data collection
and analvsis.

In cach booklet, students place their quesuons on i title page along
with other important information, such as their stream scction, partner, and
date of study. Each student personalizes the question so it becomes her or
his own: s the Greenhills Creek Heatthy?™; ~Can 1 Drink out of the
Greenhills Stream?™; ~1s Our Stream Healthy?™. This is followed by a
section of background information on water quality that is written, seetion
by section, s benehmark fessons are completed. After feedback from us,
students revise their background information. Other scctions include
predictions Tor the overall health of the stream as well as individual
water-quality measures, a stream drawing with three locations identitied as
sampling sites, justification for choosing cach sie (as stated in the
procedure), data tables, observations, analvsis, and conclusion. In the
winter and spring students add predictions, data, and anulysis. Below is an
excerpt from a student’s water-quality booklet of spring predictions and
spring analysis:

Max's prediction:

In the temp. depariment we are looking Tar wn abnermil amount ol change ar
slse known as thermal peliution, Therm: polturion gn be caused by suspended
partiches und cutrophication. Sice there are not any plants | wauldn't warey
ahont cutrophication, Alsoe the stream Mow 1s very show, so erosion will not oceur
quickly. 1T you ask me | wandd sy there is not thermal pofintion i the Greenhills
atream. The only reason there may be o smiall change would be due to purts of the
strenm being in the sun atd seme parts o the shade. 1 sy the temp. chitnge will

be between 0-2 depregs,

Aax’s anafvsis:

While doing the iemperature lesting we found same excellent resulis. The temp.
chanaes from cur section Ul aud secton Lare al point A 014, Beos and € 8.3
senees of 0-2 degrees which is greelient water

Points A and B are bath dit
quality. Then. point € is betwwen 39 depries whivh s fair water quality. Points A
and 3 seem o hve no thermal pellution, b point € 1s questionable. Point €
really isn'tphisically difterent from the other points. but this time ol year pont C
15 alnrast drigd up and pracucally 1s just 2 sl poddle. This has been caused

beciise of the lack of rin in the receni wecks. As vou kirow o sl puddle oo
rock (like point C is) normadiy exerbes keat and is hotwer thie the ne mal river.
This wiy be the explazauon for fhis ontageous weraber. e my predictions |
predicted that there wonkd be no thermat pallutian, but that iF there was any

in shisde and othgr parts deing

change it wonld be dine to parts of the stream ben
o the sun. 1 this s rue § would say 1 predicied right, and that there s o thermal

pellution in the Greenhills strean.

In the above example. Max’s prediction portrays an excellent understanding
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of tetnperature testing to identify thermal polhution. He discusses causes of
thermal pollution (erosion and cuthrophication) and explains why he
belicves netther of these causes are present at this time. This leads to his
prediction of a small temperature change. In his analysis he reports his
results and their relationship o the water-quality standards, which show
that twa of the three sections indicate excellent water quality based on
temperature (0-2 degrees temperature difference between his site and
another one farther away). He sees that his third site, Location C. does
indicatc fair quality (8.39 degrees temperature change). He looks to s
physical data, noticing that the water level s extremcely low, 1o help him
explain why. Max also tics in his predictions and concludes that there is no
thermal poliution. He has shown that he understands thermal pollution,
Perhaps just ds important, Max has shown that he is able to look at data
beyond the numbers the probes have provided: he is able to sce a large
difference in temperature and look to his other data to help make sense of
his findings. His scicnce process skills are evident.

As tcachers, we find that the Warer Quality Bookler lustrates the
richness of student understanding as reficcted in the presentation of various
information and cxplanations. We¢ sce more in-depih understanding of the
coneeplts as we move from scason to season. Students are able to mmake more
conncctions with background information and test results as well as draw on
physical data and human activity related 1o the scason.

Concept Maps

Concept maps are another assessment tool we wtilize. Students draw
pre- and post-concept maps (Novak & Gowin 1984) of their understanding
of water quality. In his initial concept map (Figure 2.5, Devin presents a
simple representation that tlustrates water quality as how pure or polluted
water may be. He has three subordinate concepts; however, these
subordinate concepts represent the same ideas. He portrays a dramatic
incrcase in his understanding of water guality through his final concept map
(IFigure 2.6). Here he includes the five water-quality tests of pH,
conducetivity, turbidity, temperature difference, and dissolved oxygen levels.
He includes background concepts that provide insight into the in-depth
understanding he has developed of the cause and consequences of
differences in the tests.

Laura’s initial concept map (Figure 2.7) represents a simple under-
standing of water quality as good or bad depending on temperature and pH.
She has repeated coneepts rather than drawn connections between concepts
as she divides her ideas into the 1wo categories of “good™ or “bad.” She
continues to divide her ideas into scctions by repeating concepts rather than
making connections between ideas n her final concept map (Figure 2.8).
However, the comparison of her final and initial concept maps depicts a

2.5, Desin's initial coneept map ol watey guality

Fiyare

srstandi Fwater quality.

transition from a novice 1o @ more expert understanding of f:mﬂ. 1 ”u:ro
Laura's map. in particular, demonstrates m.moom ::aﬁmr:“, :Mm; o
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o 1 hod of predictions, analysis, conclusions, and

H < N el . "t :
rovides. the scientilte me nalysis, € p nd
o centation of the ideas in a booklet, She also has information thout
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Ben's initial concepl map (Figur¢ 2.9) iltustrates another no

i ts is paper that he has some
understanding of water quality. He also states on his paper m: it he w:__ o
Sk =3 e . - X ) . . . .
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_;:darﬂ.:m " :32 n m_o: first attempts to having richly developed
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Figure 2.6. Devin's firal concept mup of water quality.

Pre- and Post-Tests

5

We also use pre-tests,” which show a student’s initial understanding of
water quahty, and several post-tests. As discussed in Chapter 5, our students

* Test items were developed in conjunction with Krujeik and others at the University of
Michigan.
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Figure 2.7, Laura’s initial concept mi
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Final Concept Map

Fipure 2.8, Laura’™s final concept map of water quality.
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do substantially better in post-tests. We write many of our own tests, which
include open-ended questions. They also include verbatim questions from
the pre-tests. Students are presented with artificial stream data and asked to
analyze the information and report results as well as make recommenda-
tions to a city mayor. Students compare their pre- and post-test answers,
which again provides them with a concrete representation of how their
cxplanations of cvents have moved from novice to richly developed.

All of these asscssments provide us with valuable insights tnto the
students’ emerging understanding of water concepts and the process of
inquiry. A more thorough discussion of water-quality booklets, concept
maps, and tests can be found in Chapter 5.

DESIGN PRINCIPLES

Qur water curriculum, as well as our entire program, reflects certain
principles that we use extensively to design curriculum (Krajeik et al. 1998).
In this section we highlight the major featurcs that characterize our
curriculum.

e Contextualized: Qur curriculum provides stndents with phenom-
ena in context. This includes taking students to the science,
beyond the four walls of the ¢lassroom, when possible.

® Driving questions: These questions contextualize and bring
meaning to lcarning. As students investigate these questions
they develop in-depth and integrated understandings of
concepts and process.

® Benchmark lessons: Students learn concepts, science process,
and technology tools through benchmark lessons.

® Fxtended inguiry. Students are involved in long-term investiga-
tions, just as scientists are, to gain insight into their questions.

® Teacher-structured to student-designed investigations: We begin
with a more tightly structured classroom and move o a more
openly structured classroom by providing students with
supports. These supports include careful layers of scaffolding
which introduce and provide practice of the elements of good
scientific inquiry.

® [Learning rechnologies: We incorporate computer-based technol-
opy as a tool to support student inquiry when appropriate.

® Multiple assessment of student learning: We utilize a variety of
assessment strategies including concept maps, pre- and post-
tests with open-ended questions, artifacts such as booklets,
multimedia projects, written lab reports, and student-created
computer models.
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Data Collection
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make initial interpretations of their results in the ficld where they can decide
il the collection proeess needs 1o be repeated.

Another advantage in using specific probes 1o collect chentical data 15
that it climinates the handling of harmful chemicals, which are contained in
HOC chemical kits. For exaimple, students
can determine the dissolved oxygen levels at points along the stream by
placing the DO and temperature probes in the water to determine the
percent snturation using i scale. With proper maintenance these probes can
be reused for a long time without calibration.

Before cach collection, students make predictions for all three sections
of their stream, for cach test they complete. Students number, label, and
record their data for threc trials at cach stream scction and their
obscrvations. As students prepare to reflect on collected data, they take
three trials. The collection of three trials allows students
any discrepancics that may result as the probe is

alternative mcthods such as the

an average of the
the opportunity to observe
acclimating Lo a new Jocation.

The design of the portable rechnology also allows students to practice

good scicnee process gkills. Students can colleel their data more citiciently
and repeat any trials quickly il they encounter problems.

Problem Solving

Problems do oceur when students use technology. These tools allow
our students to develop a number of practical problem-solving skills. in the
initial technology sctup they develop the ability to detect probleins and
realize, on the spot, whether the data they have collected are accurate.
Although many pcople helieve solving hardware and softwarc problems
introduces unnecessary difticultics, we sce it as a benefit to student learning.
In the fall, students are novices at collecting data and become frustrated
when they experience problems with the technology. In the winter, they have
more confidence and become less frustrated with difficulties. By the spring
they arc comipletely proficient al recognizing and solving lechnology problems.
The benchmark lessons used when introducing the probes assist students in
recognizing the errors and learning 1o account for them in the field.

As our students become mnore confident in working with the
technology, they look for solutions 1o the problems they cncounter in the
ficld before they call for our help. In the fall, students call for our help at the
first sign of trouble. Howcever, as they encounter data-collection problems
during subsequent SCusOns, students begin to troubleshoot instrument
malfunctions on their own. Students first cheek that all the components are
properly and securety attached. ¢.g.. serial interface box to computer, of
probe (o the interface box. Next. students double cheek i€ enough reserve
ins for them to complete their task in the ficld. Next,

battery power remal
they move to the software setup 10 check for problems. Once they exhaust
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Equipment Calibration and Care
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Student Ownership of Data
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i H,__“m__._.,_wzﬂw_ﬁ:_:m?.. they become invested in analyzing rﬁw,..a.. _.rr..m
ity of oo m_.mmmon:o: tompares to the others. We see evidence of
hare thy g and ,jnww_:_ E:ou students ask the Sroups on either side 10
consstens el ,__W_. g.ﬁﬂv do this to check if their recorded E_E,om are
other s, H:o,..raow_i..m‘&.o_”m. ir u.m:ao-:v. lind that their data differs from
e m:_.%: > s.:wﬁ.ﬁwﬁw ,_oor‘ _.oﬁ feasons to defend their data. On one
water e h f,,nF _oo__cnzzm data mid-stream noticed that their
Bocne Hn::o_o.a ...r:o:.m degrees oco._n_. than the groups next to them
ot ey e :Eum:“_a m.sm“ m:_gw_:m to immediitely view ang analyze :_c..
gt e :F,.? o r:,rf &o:m_: that their data could be faulty. They
informatias ::;:_H _::_r.E .E.a Ew: began to search for mam_.:‘o:m._
pipes abion 114 ::awﬁ ﬁnxwm_: this 9:...8.:2. Students began looking for
Of the spoes,nd g #9._: .::: could bring additional Water to their part

- Alter a few minutes, they uncovered g spout of cold Emﬁcﬁ

ership of thejr work,

e
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flowing quickly from under the strcam bank, which was concealed by a
grassy over hang. They had not observed this in the previous field eollection
and noted that the depth of the water was lower now than before. They now
felr that the data they had collected was accurate, and were pleased that they
could support their findings. This increase in owncership of data engages
students in interpreting data.

In-Depth Understanding of Water Quality

We have been greatly impressed by our students” growth in their
ability to analyze and synthesize collected data. With cach successive data
collection, they demonstrate an improved ability to understand both the
physical and chemical implications of their recorded data. yielding a more
holistic, comprchensive picture of the stream under study. Collecting data in
the ficld, as opposed to giving simulated data in the classroom, allows
students to grasp the full range of dominant environmental factors and how
these variables change over time.

In the fall, some students focus and report only on data recorded with
the portable technology and often do not inelude their physical data, related
observations, and information they obtained from benchmark lessons. In
addition, some students do not attend to the quality of their data and are
satisfied if their probes collect data, regardless of accuracy. These students
do not detect their errors until they analyze the data in the classroom. Then,
for cxamiple, they notice that they had recorded a water temperature of 68°C
when the atr temperature had been hovering at 20°C for several weeks. The
students learn that they must pay careful attention to the accuracy of their
data.

. By winter our students develop a preater ability to make connections
between their data and key environmental factors. Reflecting on both their
quantitative and qualitative data, students begin to develop an under-
standing of the refationship between water quality and the controlling
natural and human influences. One group of students showed cancern about
their dissolved oxygen readings, which were lower than the readings m the
next stream section. They were convinced that they had collected and
rccorded the data correctly. In reviewing backeround information, they
found that moving water could inercase the amount of dissolved oxygen in
the stream. They observed that in their section of the stream the water was
very still while the section next to theirs had a slight drop in clevation, which
caused the water to have a faster current. (Students refer to this slight drop
in clevation as a slight waterfall) Collecting data in the feld cnables
students to retlect on their data as they obscrve Hrsthand the effects that
cnvironmental factors have on their stream.

In May, after collecting data over three seasons, students observe how
common environmental factors impact the quality of the stream differently
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during cach season. In addition to scasonal analysis, studeats also analyze
Stream quality over the course of the year. When considering the
conductivity data, students learn that while they mav look at the water
and see to the bottom. it may contain dissolved substances. which may cause
problems for the health of their stream. In the fall students conelude that
fertilized lawns in nearby condominiums cause high conductivity readings.
When students consider reasons for higher conductivity readings in the
winter than in the fall, they scrutinize their data. As they review their
observations of physical data, students note an ice storm several days before
the winter collection. With the ice storm comes the use of large quantities of
salt on the roads, explaining the high levels of dissolved substances recorded
by the conductivity probe. During the spring students conclude that lower
levels of dissolved substances result from an Increase in water depth, due 1o
heavy rains experienced in recent weeks,

Learning about dissolved substances through reading books allows
students to learn about conductivity. But when you combine reading with
the experience of making observations, students make more solid
connections between the environment they live in and the impact human
activity has on it. Roth allow students to learn. On the one hand, students
remember the consequences of human activity on stream Quality that they
gather from books and class discussions. On the other hand, they also
gain understanding by collecting data through the seasons and obscrving
firsthand lhow common human activities influcnce water quality,
Collecting stream data in the field is an incredibly powerfu! experience.
It forces students 10 make conncctions between the concepts they discuss
in class and the phenomena they experience when they collect data ar the
streqaim,

We nolice an increase in our students® ability to analyze data in winger
over fall, and in spring over winter, as well as u significant increase in their
analytical skills in making connections to the real world. The waler-quality
booklets, which the students develop throughout the year, show progress
towards a richer and more meiningful understanding of why our water
fesourees are to be protected. Below are two partial examples of student
analyses for fall, winter. and spring. For cach sedson, students are given
guidelines for what needs 1o be included in a good analysis (sce Appendix
A). We also provide students with feedback so trat they can fmprove with
ciach successive a nalysis. These cxamples demonstrate 4 wonderful progres-
sion in the development of data-analysis skills. The first example shows
Emily’s analysis based on temperature differences between two distant
points along the stream. Temperature is an important measure because it
provides information aboyt thermal pollution. The sccond example s
Gina's analysis of conductivity data to determine the quality of the stream
based on the amount of dissolved substances.
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Emily's fail warer temperature analysis:

’ =208 degrees Celsius,

The tempgrature change al our stream ranged from | .41-2.05 :Lc._”. :

h " i e, This shows that there 1§
This is s excellent und very high good range. This s 5 .
This is 1 the excellent an v high ¢ : . : i
that changes our temperuture. the difference ?57.__,.:.. hus Lo ac; ]
__. de ve s sun. Point A had a temperature change of 1.41 Lr...Fr.,,. ._.. i :._.
e o re ghunge range. Point B had a emperature ¢ r.: 5
Flso . Point C had a
animals should b

15 40 eicelient tempgri : k- i
1,43 degrees Celsius, this is also excellery and excellent ¢ha
" ol 205, which is poed. Overull, most

temperature of
able to survive in he stream.

or temperature subtracted

In Emily’s fall analysis she reports the data (her temperature ,.:U_aﬂm:.o?
from the farthest group’s temperature to determine ,o::uw.?::ﬂo e
y is data wi o water-quality  standards

) : dlso connects this data with the wa
cnees). She also connec ) . . y andards
(excellent and good). She finishes her discussion aboul temperatu 1
< k=) .

1

concluding that “most all animals should ... survive.

3
Emilv's winter warer temperature analysis:

P T e Y .y i (e
The temperature differences were ....,.,Q.__n_: _Ju.f.J_oF.. .._:.p_ _:/& n?ﬁr,._rﬁ__jw_q__uﬁ_r_c.:uﬂ:”ﬁ_
Qur temperatures were (in degrees a.n?:_.,_ .26 al p _: \ : ”,.2 Jpomt B and
7.63 at point C. At it A we had o 08K F,_F.,H.F.c d r?_:r_r“ : A
which is great comepared to the 141 degree Q.__?E_._ﬂ_..hf“__.d_ﬂ::“ﬂ__ B fall, A« point
G AT a ”..__.c.ﬂ_w.r_..ﬁﬁ_qﬁ_“__“__n...l,._““c:,r;.nﬂ., wiars the big surprise, we
Torenos o ) down te an excellent 33

dilference we faced ea i

5 ere : n the

= 2,05 degree difference. good, (i i

drapped o 2.05 deg , o dopssgmintc:
. ._ _.,. dilTerence for the winter. | predicted that the temperiture r_d nge wo

s : nd it shows that there 1s defimtely no

Hent, and | was right. This s goed,

X :
thermal pollution

i i : : reports her data and makes

In Emily’s winter analysis we sce, again, that she reports her an.: i i ;,_ :

; o ‘ also progresses to o higher level o

i ¢ standards. She
conncctions to the standards o et

analvsis. In addition 1o her data and the mE:am_ﬂnm, mhz_.v, o compares her
1ct i ¢ data she obtaine e fall.
5 Wi cdictions und with the data she o .
results with her predictio . praed in ol o
[ i Cmily’s winter analy
CCl as we : r¢ 15 no thermal pollution. .

decides, as well, that the n . e ana v
shows much improveiment over her fall analysts. Her highes

analysis, though, comes tn the spring.

Emily’s spring water remperature analysis:

H o clnas of sarees
I 3 s temperature change. Point A had @ change of 0.61 degree
First we tested the temper: £ : D L
Celsius, point B had a change of 1.02 degrees Celsius, and pe :
elsiug ad ¢ i

standards. This shows that there
cansidering there sre no factories around o dump,
could make rain that hic the pavement hor, and that .
and heat up the water. [ precdicted thit __1_.. [CImpera e
or good (between | oand 3). and | wgs siehr.

n could Now into the river
¢ would Be excellent

1 T . ol @ e 10 :._O
As in fall and winter, Emily reports her data ,_._E rozzoo_y::_r‘m/rm 0 the
standards. She also compares her predictions with her results. /2
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winter, Emily states that there is no thermal pollution. In Table 2.3. Examiples of seventh grade curricu
supports her statement with pluusible ¢xpt
hot water, not much rain to be hieated by p

addition, she 165 of investioations
. R . , RN, Fx s of investigs
anations (no fuctorics to dump | Tth Grade driving questions Technology/probes used  Example

avement). She allydes to run-off

-k water quality and
. A e . O, pH, temperature. To check water qu -
{rain flow into the river). | Hol-Shh i La= T ____.d:F _.w_amn: : ﬂdo.r_c_.: determine the stream's: pH,
When we look at Emily's analyses over the year for tempe ature  f sureem behind our school cor uter prograt temperature, conductivity and
. oo Y s Al " . S emperature (Yearlong study) womp Pros dissolved oxygen.
differenccs, we see g progression from fall, winter, and spring that portrays ) -
an increase in her ::%.@E:a_:m of :.8 coneepts and H.:o. process oﬁ.mn_oz.oo. - our sarbace Temperature, pH. Determine if pH affects the rmate of
Each successive analysis roflects @ richer understanding of water quality. Where docs our garbage » decomposition and if temperature
The next example is another demonstration of a student's progression over variations are found within the
the year. It focuses on the fact that there are different seasonal activitics thar compest environment.

may contribute to similyr poor readings throughout the year.

Gina's fall conducriviny anatysis: | |
. . . i est lev nalysis
improvement over her fall analysis. But Gina's highest level of analy
comes in the spring.

ter quality standards,

Anna and I found 1hat the conductivity was
2007 becayse i you got the ave

ol the three tests at cach point you would
ave 374.02 for Poing A, For PO B vou would base an uvernge or S66.11. The Vi ]

g : ; ey dver: 206 1) oo ; Ctivily anafpsis:
average for point C was 523 16, [ you add those avether and divide by 3 you pet Gina’s spring conductivity ’
AatAs Accarding to the witer quality standards, that is poor {hh] conduetivity.®

Our conductivity was high. The average of our whole stream section s .ywmmmﬂ,_
This is in the _5.9. range. This is probably this low because it is spring and mans

In Gina's fuil analvsis for conductivity we see she sim

ply reports the data she people are using fertilizer in their gardens, The m.._.:__mr._. r,,oc_ﬂ_ ﬂwfaﬁr ﬂ”_mduwm_ ”””
recorded in her data table and connects it to the water-quality standards 10 gardens after the rainstorm we had last week. ,_,_J_m_.,wo_m,_n i,
determine that it s poor quality. Her winter analysis shows a nice conductivity level. Since the stream is E..mo:_mﬂw“_.a_mm_ ,,,,ﬁ__a be ﬂ_.n: because of
improvement. this is very possible. 1 predicted that the conductivity i

the fertilizer and I was nghe

..‘ . . : 1o i z standards
Gina's winter conduct; ViV analysiy: In her spring analysis Gina reports her data and connects it to the :

i dings). This ume she provides a plausible mx_u_mzmﬁ._o: of
The aver ge of the conduetivity wis poor. For poing A e average wus S81.2). | Ammm_:. pooOr reading )- e e “.n_.:_mmoa. S o
For point B, the dRerage was S90.87. For point C. the dveripe was $47.24 These these high, poor ﬁomn_._ ngs (it is mﬁ_‘_:m. _UT. —_u._..\cq o—.ﬂuﬁn_.m the stream through
were all peer so the aveerpe was pear This may bave been becayse ol salts from snpports her explanation by adding how fertiliz
rouds. nitrogen. and p) sphorus. T predicred this would b Fair bug 4+

45 wrong, run-off. She micely connects her physical data (recent Enm_‘rnn% JNH:WMMH
¢ :,..,_:.2__:;_?‘: dnot tie conduetivity of the incd). She ties both of these to human activitics ina nearby con on .
wae of more salt fron the rogds sinee it is winter. E..:o ds her analysis by no_jﬂml:m her results with her U.Zua_n:O:m.

o M”E_m m:nm__wu,nm over the year is m:o::u.a documentation ,o.a rﬁ.ué _.Nwa
students develop rich understandings over time. They engage in inquiry

Lust time, it wits poad [refiars to
water]. Thi

s iy have been b

Gina, aguin, reports the data and connccts it 1o the standa

rds (all poor
according to the standards). This tiine, though, she

attempis to provide an

T ) . i with others of mean-
explanation for her results, She speculutes about the many possible sources through _oz.m-.ozz :Z%:.mmﬂﬂﬁ m:.M:.MM_” %ﬁ”mﬁ_m“—oﬂ:o ficld, reflect on that
{salt, nitrogen, phosphorus) of these high readings without any regard 1o the ingful questions. They are 4 ¢ o ¢ ided with feedback from us. In the
scason. High conductivity readings in the winter would most likely be due to data with their peers, and are Uwow_ y cerated understanding of science
salt from runoff. Phosphorus and nitrogen would most likely zlnoo::ﬂ for process they develop at :...%E: e miears
high conductivity readings in the full and spring due (o fertilizers. concepts and process skills.

Decomposing matter mizht also account for high levels of nitrogen and
phosphorus. Gina also compares her results with her predictions and with IGES OF USING TECHNOLOGY FOR TEACHERS
the data she obrained in the fall. Her winier analysis shows much BENEFITS AND CHALLENG .

measures the amount of

We begin by discussing how the infusion of portable tools has enriched our

selved substances, [oh ¢ UNILY . o 3 le what
O substances. tHigh conducivity teaching experiences both in and out of the classroom. As teachers,
g e

implics poor
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cnviro - YT TR
o .__rz.:?:_ have we created that allows us to realize one of our eoals
- . N A ) B
which _,.,.Ho support our students in their quest to develop _oz:nE:j
Investigations? How often can we i i "
g ? can we provide opportunities .
, ¢s tor our students
use portable technotoay? C: . ¢ learning
gy Can portable technology move the sci i
ey e tech : 2y move the science learnine
3 assroom walls? How have we ; : <
. y ¢ ¢ as tcachers grown th s
ot assroom wal . 2 rough this
n__“ ‘ .,r._:rmm.ﬁ.?:.: have we done to shure the excitement we feel mvoﬂH our
asses’ Alter we reflect on these it ]
SC o questtons, we discuss the ch:
o pter we n ns, 58 the challenges
ﬂ 8:?& SHpoac. hicn Incorporating new tools into their curriculum: Who will
Ci ¢ students to use our new 7 W :
S W tools? Who takes care of y
: . . . ? cdre of the tools? How
do I keep track of alt this equipment? e

Benefits for Teachers of Using Technology

Te : ide . ST
- _ro::_o_om‘, provides many beneflis for teachers. First, portable
cennotogy has made class more excit i . _ ,
2 5 re exciting, and it allows u :
echnologs nade class n ng. g S us to address and
HPMH marny of the national science teaching goals, One of these goals _B:Moz
students s involved invostion o
“ ﬁr.:? _o_cr _::o:,ra in long-term mvestigations. The use of portable
carning technologics has allowe . nts
u as allowed us to ereate a clys
ook fommochn s h ‘ Hea ciassroom where students
o designing experime S i .
. £ nts to answer “whae if st
ask during our class discussi : tools have increts ]
o s discussions. Portable technoloey ]
. e our . ogy tools have :
their options for desjeni i q it o
. LSIgnmg experiments to collect quantieat:
t . ) g uantitative data. F
cxample, m ¢ ¢ i igesti b ﬂ different
cqﬂ_:%_rw_: n Ea: grade project on digestion, to cxplore the effeet different
ands of antacids have on eastric juic i
g C Juices, we previonsly pave :
oer 1o o dids have on g [ sly gave students pH
mam._- 0 ”:ﬂ several readings throughout the day in an attempt 1o :H%E
Mghitcant changes throughour 1t} Lperi N :
s o e experiment. Now, with th
connected Lo faptops., students ¢ . . el Fobe
) = students can collect data in real Gime [
pomected Lo 1 . i eal ime for several hours,
av Ineorporating portable technology, we can now engage our students i
G » ¥ e f/
ry_m:m_:m more thoughtful, long-1erm investigations S
= = .
ce oce . -
cu._,.oaoo:oma. n___rvr Eo_u move our clusses bevond the four walls of the
) :.,;,:: *.H O where science is happening. Whether our students study water-
L:._ ty data in _:.o stream or weather outside of the classroom, they collect
atamn contest with probes allowi i v
wwing them 1o observe firstls: I "
i ) . rsthand a variety of
phenomena. In one instance. o o by usin
. ance, cighth grade students study went) i
the barometric press S grade s § study weather by using
0 bessure. refative humidity, | , o
! . . < and wemperature probes
predict the day’s weather and ¢ it to : fen o the
¥ and compare i1 to the forecast f
procict the ¢ ner and ¢ ccast tar the arca on the
e ﬂrm.mﬁ_:ﬁo:__m: this expericnee students gaIn an appreciation of the
arety of data that needs 1o be : o , ,
3 ¢ collected 10 forecast the ‘
ety ) the weather & it
those factors may feel i [ . Conditiane hat
: S cel and ook like, for cx; W .
3 . xample, “What conditions :
0% actors m 1 ike, . : nditions are
m_ %__: w :4: astormis approaching?” and “How doces it feel? . In .EE:.M:_
ey lea : - y s ace .
:Fk_:ﬁ,,oq: :.: :J,: Instriments are capable of recording data as accurate as
¢ rmation that is recorded by sonhisti ientific equi A
y sophisticated scientifi i
_. : 15 rex 3 ¢ cquipment
A thir ne Table ] .
A d benefit of portable lechnology is that it allows us the
— . I S i \d “ ' ; .
c.,_—_.uﬁ_“., m _,v .H_M U_.ésn_r a vartety of cxperiences that were not possibic
out poriable technology. Throughout this chapter we describe the Lmo of
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technoiozy in our study of water quality within the seventh grade
curriculum. While we do not detail all of our uses, we outline, in Tables
2.3 and 2.4, examples of how we have mcorporated these tools into our
seventh and cighth grade currienlum.

Fourth, using portable technology also challenges us to learn with our
students. Learning to use portable technology increases our depth of
understanding of the technology and the concepts we tcach. The water-
quality project, for example, increased our awareness of the importance of
qualitative data and its impact on the analysis of quantitative data.

Finally, the opportunity to work with these tools and to study how our
students have benelited from this experience presents us with the
opportunity to talk with our peers about our observations. We have had
the opportunity to present our work at the National Sciecnce Teachers
Association, Association of Independent Middle Schools, and National
Association for Rescarch in Science Teaching conferences and engage i
conversations with other teachers und rescarcliers about the benefits and
challenges of infusing portable teehnology into the science curriculum. We
have embraced the opportunity for this professional development and
continue to share and dialogue with others as thev prepare to enhance their

curriculums with technology.

Challenges of Using Technology for Teachers

When teachers commit themselves to the task of infusing technoloey
into the classroom they should understand that time scems 1o be a recurring
theme, Below we discuss the most pressing issucs of using technology in our

classrooms.

Table 2.4. Examples of eighth grade curriculum with embedded weehnology

8th Grade driving questions Technology /prubes vsed  Example investigmtions

Analyze how various ph
phenomen: interact to give us oury
weather by wsing probes 10 collect
data and compare it ta the Internet

Temperature,
buromsiric pressure,
relutis e humidity,
Internet

How accurately can vou
predict the weather?!

wedther repoels,

Determine i€ DO production

DO CO; pressure,
chunaes when plants are placed in

Where da plants get

their enerpy? femperature
it vs. no light.
Where do you et vonr pll Students design experiments 1o
! determine the eflect

cner

an gstric juices.
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First, time is i i i
. . an assue in learning (o y i
_— . ‘ s ing s¢ tne technology and
Hnnﬂhoﬂ_ﬁmzﬂ:._m technology into the curriculum. To cnsure m:onomwmm: us :m
, a . - - . Fw O
o no:mwﬂ._% m:r n._mmm_.oo:r ILIs Imperative that teachers realize the initial
e,_ao_.wm:o_um_mw_r_wzﬁz Hmwnm to learn how to use the cquipment confidently
Cachers prepare to use the i
dorksho ¢ cquipment. However, worl:-
p not enough. Teachers need to try it all out on their own _‘o U:M“.,Q

con u ’ i i
fidence before they provide the expericnce for their students

S g i
nrm:a:mﬂﬂﬂﬂ“ﬂ”:m,cs.m _:“,_zmmE:aE of materials presents another major
tvpes o Loiend mmrw_zﬁ_:rcﬂ to mE.QE:m and keeping track of the various
and Tabel poun Ol cquipment requires detaited record Keeping, We mark
Whor mncao:anw_.%.wni mto sets and store it in a safe and secure place,
the equpnt ,v re to collect data, students learn to match the labels on
p 1o cnsure the proper probe is attached to the corresponding

computer to which it is calibrated. This also requires time

Envmwﬂ__cﬁmﬁm oﬂmwwim E.m%mwo to collect stream data, time is needed to
many of the E.oﬁﬂuom Ew:ﬁ. hile mEn_o—:m learn to calibrate and take carc of
solutions. Tho a_.mwm_mwm.,:: __u_.ong, fequire more carc and involve harmfu]
calibrate because of th OXYEeN probe, for example, takes extra time to
cnsure that dats ool m.?.on.“nacﬂ. 5..6?.8 and the chemicals used. To
cquipment in cgse 5 ﬁn.nv:,o: In the field is successful, we prepare extra
Fourth. it m_moﬂmow ¢ computter, battery or serial box fails in the field.

and care oﬂ::.w equi mw time to teach the students cxpectations for use
turned off. houw ﬁoam”wEr:r Students :Q.ua to learn how equipment is
data they m:;: o brobes and cquipment. When students collect
h carn how to feave the cquipment ready to be uscd by the

next class.

Finally, teache
Y, Crs must constantly check equi
They a2 S Y cheek that all equipment works
n@:_.vnaoi ”ooa to ra.rw.:m-ﬁo-aﬁn with the latest innovations As o_M
cars out it is important to gradually replace it with better

techn ore it be ]
nology before it becomes a financial burden down the line

CONCLUSIONS

Over the past cars 5

Sn::o_ommm EMM:%‘_M,M, u.ﬁ:._w. our students have expericneed cutting-edpe

what thets seong. et cag ::3.0 of tomorrow’s scienee classrooms m%a

echnolugy apoC mﬂ_ﬁ._aasm_.: look _,__ma. Our work has shown that portable

et o : en s to do science. These new learning technologies
Clce experience of students by allowing them to ouﬁn:.aﬂoc

sclence in context. Students now vie
everyday lives,
Portable J ienti
et mm, . technology also puts scientific tools that are similar to those
P ¢ In students™ hands. Students now have more opportinities R.“
carry out meaningful Investigations and to answcr questio
a ns

Wosclence as an important part of their
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posed by tcachers and by their own “what if questions.”™ Not only do these
investigations engage students in the science process, they result in students
developing in-depth understanding of science concepts.

These tools provide students with more opportunities to understand
concepts such as calibration and to problem-solve, just as scientists do,
when data-collection issues arisc.

Students show excitemient about the work that they do using portable

technology. We sce cvidence of this in their strong ownership of their data.
They develop explanations of their data by making connections to scicnce
concepts.
Incorporating portable technology tools has several implications for
curriculum. First, because the technology is portable it mowes the world of
scicnce out to the field. It enables feachers to use curriculum that goces
beyond the four walls of the classroom to where actual seience happens.
Students now see the reasons for doing science.

Sccond, these technologies increase the possibilitics of curriculum
design because they provide students with scientific instruments to collect
data in real time. These portable technologics become integral tools that
help students develop stronger understandings of scienee content and
process skills because learners can do activities that they could not do
otherwisc.

Finally, tmplications for curriculum designers ¢xist, be they teachers
themselves or designers of commercially available curriculum. We believe
that technology tools should be created and implemented from the start
rather than after the curriculum is already in place. But teachers who hawve
been working for several years do not have this luxury. These teachers have
alrcady implemented a pre-high-technology curricntum. They need to
examine c¢xisting curriculums to determine where technolopy tools will
enhance student learning. Then they need to incorporate these tools by
redesigning ¢xisting curriculum,

In a project-based classroom such as ours, students actively learn.
Infusion of portable technology into our eurriculum has had an immensely
positive effect on the growth of our students’ scientific undersianding of
concepts and process and has given new meaning to the term “active
learner.” Students find investigating the stream quality to be important and
meaningful. In other words, rather than just learning about science, the
water project ¢nables our students to be real seientists doing real seience

(Krajeik 1993).
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CHAPTER 3

Case Study at Mount Baker
High School

David Tucker

INTRODUCTION

This is a story about how one teacher utilized technology-intensive project-
based istructional methods that ailow students wo design their own learning
direetions. Tt is a story about students learning to apply higher-order
thinking and action processes in their quest to care for their enviromment,
Lastly, it is a story about students experiencing the rewards and pitfalls of
becoming active learners.

The Narional Science Education Standards state that science educators
must improve instructional methods “to enhance students” learning skills so
that they will be better able to cope in a rapidly changing technological
society.” The standards suggest teachers implement active learning strategies
designed to improve scicnce achievement. In summnary, the standards
emphatically state that science teachers must provide classroom opportu-
nitics for students to do science.

This chapter will describe how the Mount Baker High School project-
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